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Unit Equivalent 





GeV 
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0.394 inch 
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milliliter(s) 

mm millimeter(s) 

nCi/m? ___| nanocuries per square meter_| 2,59 mCi/mi* 

i picocurie(s) 10—"? curie = 2.22 dpm 

~-| roentgen 

unit of absorbed radiation 
d 100 ergs/g 
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Reports 


Detection of Elevated Fallout Levels in California, January 1967 


Amasa C. Cornish and George Uyesugi' 


California received a heavy fallout of radioactive debris beginning 
4.5 days after a foreign nuclear device was detonated in the atmosphere 
on December 27, 1966. Highest air particulate levels occurred in 
Berkeley and Sacramento. Values obtained after allowing 3 days decay 
were 98 pCi/m® of air for both. Other air sampling stations had lesser 
amounts of fallout and Fresno received essentially no fallout. All milk- 
sheds in California were contaminated to some extent with radioactive 
iodine. Del Norte and Humboldt milk with 397 and 280 pCi/liter, re- 
spectively, contained the highest concentrations of iodine-131. These 
values were estimated to result in thyroid doses to children of 33 and 
23 mrads, respectively. The apparent half-life for iodine-131 in the 
environment was calculated to be 3.2 days. 





Atmospheric testing of nuclear weapons by 
foreign nations has prompted the State of Cali- 
fornia Department of Public Health to be alert CALIFORNIA AIR NETWORK 
for possible environmental contamination re- Sureka 
sulting from these tests. One such test was 
conducted on December 27, i966. The energy Redding 
yield was reported as the equivalent of a few Donner Summit 
hundred kilotons of TNT (1). The location of Sacramento 
the detonation was approximately 90 degrees Santa Rosa 
east longitude and 40 degrees north latitude. Berkeley 
The fortieth degree north latitude crosses Salinas 

Fresno 


northern California, 180 miles north of San (5) (4) 
(6) Bakersfield 








Francisco, some 8,000 miles east of the explosion 
site. 

Tropospheric fallout occurs in the same gen- 
eral latitude as the test site (2). California 
lies directly in the path of any tropospheric 
cloud generated west of the State on the fortieth 
parallel north. 


OO ONAN WDM F&F 


10 Barstow 

11 Les Angeles 
The California air network, depicted in fig- | 12 San Bernardino 

ure 1, consists of 14 stations distributed 13 San Diego 

14 El Centro 


Air network 


1Mr. Cornish is senior health physicist and Mr. 
Uyesugi, radiochemist, both with California State De- 
partment of Public Health, 2151 Berkeley Way, Berke- ’ Po 
ley, Calif. 94704. Figure 1. California air network 
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throughout the State. Airborne particles are 
collected by a continuous sampling of air fil- 
tered through a 47 millimeter-diameter mem- 
brane filter of 0.8 micron pore size, using a 
Gast air pump of about 80-cubic meters per 
day capacity. Filters at 4 stations are replaced 
every 24 hours at 0800 during the workweek, 
weekends, and holidays. The remaining 10 
stations are staffed only during the workweek. 
Of these, samples for weekends and holidays 
are continuous samples of 48 hours for a 1-day 
holiday, 72 hours for a normal weekend, and 
96 hours for the 1967 New Year’s 3-day holi- 
day weekend. Fresh fission debris from the 
December 27, 1966, foreign test arrived in 
California during the 3-day New Year’s holi- 
day. 

Unfortunately, the exact arrival time cannot 
be determined from our air data, as only 4 
stations replaced filters each day over the long 
weekend. Of these, only the Berkeley station 
showed increased fallout levels on the filter 
samples which were removed at 0800, Sunday, 
January 1. The levels of gross beta radioactivity 
in pCi/m‘ as measured on Berkeley air samples 
beginning with the 24-hour sample removed 
December 30, 1966, are given in table 1. 

As noted in table 1, radioactive debris was 
measured in the surface air at Berkeley some- 
time between midnight and 0800, January 1, 
1967, approximately 4.5 days after detonation. 
Since the detonation site is about 8,000 miles 


Table 1. Gross beta radioactivity in air, December 
1966-January 1967 (pCi/m*)# 
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* The error in beta air particulate analyses is approximately +0.1 
pCi/m! at the 95-percent confidence level. 

> Values shown in columns, December 31, January 1, 2, and 3 are analyses 
of daily filter samples for only 4 stations; i.¢e., Barstow, Berkeley, Sacra- 
mento, and Santa Rosa. All other data for those 4 days are calculated from 
a 4-day composite as described in the text. 
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from Berkeley, along the fortieth parallel, the 
radioactive debris must have traveled a min- 
imum of 75 miles per hour to reach Berkeley 
in 4.5 days. The other three stations from 
which daily measurements were made during 
this time did not show arrival of the debris 
until January 2. 

The meteorological conditions about the time 
of January 1, 1967, are not presented in this 
article. However, it is not unusual for a 
weather front to strike Berkeley before Santa 
Rosa, nor is it unusual to have different fallout 
patterns in Los Angeles, San Bernardino, El 
Centro, Barstow, and San Diego. Absence of 
fallout at Fresno cannot be explained except 
by assuming that the debris did not pass over 
Fresno or was not deposited because of meteor- 
ological conditions. 

Reasons for placing more emphasis on the 
Berkeley air sample are as follows: 

1. this sample is located at the Berkeley 
radiological laboratory ; 

2. the sample can be counted when removed 
and as often as deemed necessary ; 

3. samples from other stations are sent to 
the laboratory by mail for counting and there- 
fore arrive 2 or 3 days after removal; 

4. in determining the age of the fallout, it 
was convenient to use the Berkeley sample 
because of the early count (first and second 
day). Also, a decision was made to determine 
the age of the fallout by following the decay 
curve of the Berkeley sample as soon as the 
high radiation level was detected. It was de- 
cided not to make similar studies on other 
samples because it was presumed that increased 
fallout at other stations resulted from the same 
event. 

Air data for all 14 stations from December 
30 through January 5 are shown in table 1. 
Daily data depicted at those stations that had 
a composite sample for the New Year weekend, 
i.e., from 0800, December 30, 1966, to 0800, 
January 3, 1967, were estimated by proportion- 
ing the total 4-day fallout in the same ratio as 
for the four known stations. 

As stated previously, four stations in the 
California air network change samples daily. 
The other 10 stations remove filters only on 
workdays. These 10 stations, over weekends 
and holidays, collect samples representing 2, 3 
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or 4 days. Debris from the December 1966 test 
arrived in the middle of a 4-day air sample. 
Thus, each of the 10 stations indicate a single 
radiation level accumulated for the 4 days al- 
though it is known that the increased level did 
not occur until the last 2 days. 

The method used to calculate the probable 
gross beta air levels for the 4 days of continu- 
ous sampling for the 10 stations is illustrated 
in table 2. Barstow was used as the model 
for southern California. Barstow’s air levels 
were as shown in column 1 with the 4-day total 
at the bottom. The percent was calculated by 
dividing each of the 4 days by the total. The 
Los Angeles air sample was a 4-day sample 
with a total gross beta radioactivty of 63.6 
pCi/m*. The calculated Los Angeles air levels 
were obtained by multiplying 63.6 by the per- 
cent in column 2. 


Table 2. Calculations of gross beta radioactivity 
in air for Barstow and Los Angeles 
(concentration in pCi/m* and percent per day) 





Barstow Los Angeles 





Air levels Percent As calculated 

















For northern California, gross beta radio- 
activity data from Santa Rosa, Sacramento, 
and Berkeley were used to establish the ratio 
for calculating Eureka, Redding, and Salinas 
values. Data for calculating Eureka fallout are 
shown in table 3. 


Table 3. Calculation of gross beta radioactivity in air 
in northern California (pCi/m*) 





Eureka 
Sacra- 
mento 


Santa 
Berkeley Rosa Percent 


Calculated 





0.1 0.1 0. 
0.5 0.2 4. 
43 47 
10 98 


3 
4 
1 
2 
0 


9. 
8 . 
2 





53 .6 145.3 




















The levels measured on these samples indi- 
cated some of the highest gross beta fallout 
radioactivity ever detected by our network. 
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The previous highs occurred during the in- 
tensive testing by the United States and Russia 
in the fall of 1962. On November 6 and 8, 1962, 
during that series, Donner Summit and San 
Bernardino had measured air concentrations 
of 103 and 192 pCi/m', respectively, and on 
November 25, 1962, Berkeley and Santa Rosa 
had 94 and 99 pCi/m’, respectively. These 
quantities were the result of many nuclear tests; 
20 in October 1962 and 9 in November 1962. 
The levels were high, the duration of the peak 
was short. Figure 2 shows the daily statewide 
average air radioactivity levels during the 1967 
fallout incident. Each peak in figure 2 covers 
about 5 days, however, air levels did not return 
to normal, less than 0.5 pCi/m*, until March. 


50.0 











10 


Figure 2. Radioactive air levels in California network 
averages, December 1966 and January 1967 


The Berkeley sample removed January 2, 
1967, was counted 12 times over a period of 
36 days to obtain data for plotting a decay 
curve. The data shown in table 4 are plotted 
in figure 3 on special graph paper that is used 
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Table 4. Analysis of Berkeley air sample 
obtained on January 2, 1967 





Radioactivity 
adjusted for 
plotting * 
(pCi/m') 


Days after 


Radioactivity 
first analysis 


(pCi/m*) 


Date analyzed 
(1967) 





January 














* Column divided by two so that the data will be more amenable. 


for determining the age of mixed fission prod- 
ucts (3). It is constructed by letting time be 
the abscissa, using a linear scale, and the radio- 
activity be the ordinate, using a scale which 
is made by evaluating one over the radioactivity 
raised to the 0.833 power (1/A°-***). For mixed 
fission product fallout the plot is a straight line. 
Zero time on the plot is the day of the first 
analysis. The approximate age of the fallout 
is determined from the point at which the line 
crosses the abscissa, in this case 5.5 days. 


The age of fallout also may be calculated 
from an equation without using the special 
graph paper. Using data from table 4 and 
letting 


T, = time of first analysis, January 3 
A, 144 pCi/m’, activity on January 3 
T; T, + 36 days, February 8 

A, 12 pCi/m’, activity on February 8 


then solve the equation log (A,/A.) — 1.2 log 
(T2/T,) remembering that T. — T, + 36. 
Solution of the problem gives T, — 5.2 days. 
Thus, the fallout was 5.2 days old at the time 
of the first analysis on January 3. This agrees 
very well with the results obtained from the 
graphical methods. 


Milk network 


Milk is routinely sampled monthly from ten 
milksheds to determine its radioactivity. Milk- 
sheds in the program are shown in figure 4. 
When the December 27, 1966 detonation was 
announced, the sampling frequency was in- 














-5 fe) 5 10 15 
Days 
Figure 3. Decay of a Berkeley air particulate sample 
collected from January 1, 0800 to January 2, 0800 
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CALIFORNIA MILKSHEDS 





1 Del Norte 
2 Humboldt 

3 Shasta 

4 Mendocino 
5 Sonoma 

6 Sacramento 





7 Santa Clara 
8 Fresno 

9 Los Angeles 
10 San Diego 








Figure 4. California milksheds 
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creased to daily sampling for north coastal 
California and to twice weekly sampling for 
the remainder of the network. 

Analyses for iodine-131 were of prime im- 
portance for several reasons: (1) because of 
its short half-life, its presence is indicative of 
fresh fission fallout; (2) as a gamma-ray 
emitter having a characteristic spectrum, it 
can be determined rapidly; (3) it is one of the 
most hazardous isotopes in early fallout; and 
(4) because of the speed at which it can be 
measured, levels are used to determine the ne- 
cessity of protective action. If levels become too 
high, recommendations can be made to convert 
the whole milk to powdered milk or cheese so 
that storage would allow the radioactivity to 
decay to acceptable levels. It should be empha- 
sized that it was not necessary to take any cor- 
rective action during this incident because of 
any considerations including public health. 

Samples from all ten milksheds showed the 
presence of iodine-131. Concentrations of 
iodine-131 in milk samples from Del Norte 
and Humboldt milksheds run several times 
higher than those found in other milksheds in 
California. Although there was no rain in Cali- 
fornia during the time the peak fallout cloud 
was over the State, some rain fell in Humboldt 
and Del Norte counties during the arrival and 
passing of the leading and trailing edges, re- 
spectively. The rains that occurred were: 


Milkshed 
Del Norte 
Humboldt 


January 1 January4 January 5 
0.27 inch 0.37 inch — 
0.08 inch 0.77 inch 0.13 inch 





All other milksheds received no rain until 
the 19th or 20th of January. Thus, some rain- 
out did occur but a large portion of the pasture 
contamination was assumed to be through dry 
fallout. Also, it was assumed that the con- 
tamination originated from a single event. 
One may then determine the effective half-life 
of the iodine-131 in milk from this incident. 

Several investigators have determined the 
apparent half-life of iodine—131 on plants and 
in milk. The range is from 3.0 to 6.0 days ac- 
cording to Thompson who further states that 
the same variables operate regardless of the 
isotope involved and are related to the behavior 
of particles on plants (5). For most practical 
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problems a useful approximation of the effec- 
tive half-life of any isotope on plants is given 
by the following equation (5) : 


13 T, 
Ts = 


13 + T, 


where, 
T; is the effective half-life (days), 
T. is the radiological half-life (days), and 
13 is the mean half-residence time (days). 


If the radiological half-life of iodine-131 
(8 days) is substituted in the equation, the 
effective half-life is calculated to be 4.95 or 5 
days. The apparent half-life of the iodine—-131 
in Humboldt and Del Norte milk was deter- 
mined assuming that the contamination origi- 
nated from a single event and using the data 
given in table 5. Figure 5 shows this value to 
be 3.2 days for this specific detonation and 
under the prevailing climatic conditions. 

Because of the early arrival of debris from 
the December 27 detonation there was some 
concern about the concentration of iodine—133 
in the milk. This isotope has a 21-hour half-life. 
Since there was no analytical procedure avail- 
able for its measurement, the concentration of 
iodine-133 was calculated from the known 
facts: the decay curves of iodine-131 and 
iodine—133; the relative activity of the two iso- 
topes from uranium fission; and the known 
amount of iodine-131. 

The two decay curves are shown in figure 6. 
Weaver, et al., estimated total chain and inde- 
pendent fission yields for several neutron- 
induced fission processes, 

1.88 « 10° Ci of ***I/kiloton 


For 2*°U: 11.6 





1.62 « 10° Ci of *I/kiloton 


1.71 & 10° Ci of '**I/kiloton 
For 2°°Pu: 
1.38 < 10° Ci of '**I/kiloton 


It was assumed that the activity ratio of 
iodine-133 and iodine-131 formed in the deto- 
nation was 12 to 1 (6). Figure 6 reflects this 
assumption in that iodine-131 at zero time 
was plotted as 100 and iodine-133 as 1200. 
Plotted in this manner, the relative amounts 
of the two isotopes can be selected from the 
graph for any given day. 





12.4 





Table 5. Iodine-131 in California milk, January 


1967" (concentration in pCi/liter) 


Date Hum- Los Mendo-| Sacra- San 
1967 Fresno boldt | Angeles cino mento Diego 


Shasta | Sonoma 











January oe (>) 
4 : 


13 


0 



































, ' The error in the iodine-131 analysis in milk is approximately +7 pCi/liter at the 95-percent confidence 
evel. 


> Blanks indicate no sample received. 





The Humboldt milk maximum iodine-131 
concentration occurred on January 6, only 10 
days after the detonation. Using figure 6, the 
relative amounts of the two isotopes on that 
day were 0.40 for iodine-133 and 42 for iodine— 
131, roughly 1 to 100. Therefore, since the 
Humboldt peak for iodine-131 was 280 pCi/ 
liter, the iodine-133 concentration would be 
approximately 3 pCi/liter. From such calcu- 
lated concentrations iodine—133 was considered 
to have little significance to health in this inci- 
dent. 

It then became important to estimate the 
dose resulting from drinking the milk. For the 
purpose of this estimation, the method used by 
Knapp was employed (7). It was assumed 
that a child had a thyroid of 2 grams (M); 
drank 1 liter of milk per day (L) with an inci- 
dent concentration of I, pCi iodine—131/liter 

; . of milk (400 pCi for Del Norte and 280 pCi for 

10 15 Humboldt) ; and that the fraction (F) of in- 
January 1967 gested iodine-131 taken up by the thyroid 

Figure 5. Humboldt milk data gland was 0.3. Accordingly, the dose from the 
Iodine-131 from foreign nuclear test, December 27, 1966 fallout deposition in Del Norte and Humboldt 


pCi/liter 
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Iodine — 131 


Iodine -—133 











Days 


Figure 6. Decay curves for iodine-131 and iodine-133 
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were estimated as follows, using T; equal to 
3.2 as already determined: 


Dose in rads — (1.71  10*) LFI,T,;/M; hence 
Del Norte dose — 0.033 rads, and 
Humboldt dose — 0.023 rads 


For Del Norte and Humboldt children, the 
estimated total dose to their thyroids from the 
deposition was 33 millirads and 23 millirads, 
respectively, if they drank a liter of milk per 
day. 
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A Comparison of Results Between the Public Health Service Raw Milk and 
Pasteurized Milk Networks for January 1964 Through June 1966 


Paul B. Robinson’ 


The Public Health Service Raw Milk and Pasteurized Milk Net- 
works are compared for the interval January 1964 through June 1966 
on the basis of milk sample analyses made during that period. Once 
laboratory effects due to analytical differences in the milk sample 
analyses were removed from the data, the agreement for cesium—137 
and strontium-90 between four of the nine stations that were common 
to both networks was related to milkshed overlap. At two other stations, 
Cincinnati and Chicago, homogeneity in the agricultural, geographical, 
and meteorological parameters accounted for the similarity between the 
sample concentrations of cesium-137 and strontium-90. It was not 
possible to study iodine-131, barium—140, or strontium-89 because the 
levels were generally not detectable for the period under study. 

A tabulation of data for all samples collected from the Raw Milk 
Network is also appended for the period, January 1963—December 1966. 


In May 1957, the Raw Milk Network regularly from August 1958 until the cessa- 


(RMN), operated by the Milk and Food Re- 
search Program of the Division of Environ- 
mental Engineering and Food Protection? and 
funded by the Division of Radiological Health’, 
commenced operation. This surveillance pro- 
gram represented a first attempt to monitor 
the intake of radionuclides in the diet of people 
through milk sampling of milksheds serving 
metropolitan areas. Milk was chosen because 
it is produced throughout the year and was an 
integral part of the diet of children and young 
adults. Its uniform composition and continuous 
use made possible the development of analytical 
techniques for handling large numbers of sam- 
ples on a routine basis. Milk and milk products 
are major contributors of strontium-90 and 
iodine-131 in the diet. 

Nine RMN stations had collected samples 


1Mr. Robinson was staff officer, Radiation Exposure 
Intelligence Section, Standards and Intelligence Branch, 
National Center for Radiological Health, Rockville, Md. 
and is presently a member of the technical staff at the 
Bell Telephone Laboratories at Holmdel, N. J. 

2 Presently part of the National Center for Urban 
and Industrial Health, Environmental Control Ad- 
ministration. 

3 Presently the National Center for Radiological 
Health, Environmental Control Administration. 
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tion of the network in December 1966. A tabu- 
lation of the monthly results for the milk 
analyses in the RMN is given in Appendix I 
for the period, January 1963 through Decem- 
ber 1966. 

It was possible to make a comparison at 
each station for those Raw Milk Network and 
Pasteurized Milk Network (PMN) analyses 
made at the Northeastern, Southeastern and 
Southwestern Radiological Health Laboratories 
(NERHL, SERHL, and SWRHL, respec- 
tively) for the period, January 1964 through 
June 1966. This comparison was facilitated 
because of the availability of quality control 
data for all three laboratories, and the fact 
that all raw milk analyses were performed at 
a single laboratory (SWRHL). Each single 
monthly RMN sample was compared with that 
weekly PMN sample most closely related in 
time. Occasionally two weekly PMN samples 
straddled the RMN sample equidistantly in 
time. When such was the case, the average 
of those data was used in the comparison. A 
similar summary was undertaken by Camp- 
bell (1) for the Raw Milk Network results 
from 1957-1963, however, extensive quality 
control data were not available for that period. 
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Raw Milk Network sampling program 


Once a month in each of nine milksheds’, a 
l-gallon sample of raw milk was taken from 
a group of farms selling to one of the dairies 
supplying the station with pasteurized milk. 
This sample represented a 1-2 day composite 
of the milk produced on these farms. 

The farms were chosen to satisfy four 
criteria (2,3): 

(1) the milk represented in each sample 
was from a group of farms milking a 
total of at least 1,000 cows. 

(2) the number of individual farms was 
small enough so that collection of col- 
lateral farm data from each farm was 
feasible. 


4 For purposes of this paper, raw milk milkshed areas 
are defined as a county or group of counties having at 
least one farm which regularly sells raw milk to a 
dairy processing plant that supplies pasteurized milk 
to a RMN-PMN station city. 


(3) the milk samples were from a supply 
that was part of a metropolitan milk- 
shed. 

(4) the conditions under which the milk 
was received were such that each sam- 
ple was representative of the same 
farms in the production area. 


Wherever possible, the group of farms that 
were chosen were located along a tank-truck 
route or a can-truck route. In this case the 
milk sample would be representative of a 1-day 
supply. It normally took 1 to 2 days to sepa- 
rately sample each form. 

The introduction of the PMN made pos- 
sible the collection of a weekly composite 
sample of pasteurized milk which was repre- 
sentative of from 80 to 100 percent of the 
milk sold at each of the nine stations. Figure 
1 presents qualitatively the RMN-PMN rela- 
tionship. 
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Figure 1. Outlines of RMN-PMN milkshed areas 
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Procedure 


In order to compare the RMN with the PMN 
on the basis of their sampling schemes, it was 
necessary to consider any differences which 
might be present in the data due to the fact 
that various laboratories were involved in 
analyzing the samples. The analytical cross- 
check data, as collected monthly by the Analyt- 
ical Quality Control Service (AQCS), National 
Center for Radiological Health (4), furnished 
this information. 

During the study period from January 1964- 
June 1966 ° all raw milk samples were analyzed 
at SWRHL. The PMN analyses were per- 
formed on a regional basis with NERHL ana- 
lyzing milk from Chicago, New York City, and 
Cincinnati; SERHL analyzing milk from 
Austin and Atlanta; and SWRHL analyzing 
milk from Sacramento, Spokane, Salt Lake 
City and St. Louis. 


Adjustment of RMN and PMN data for 
laboratory effects 


Through the auspices of the AQCS program, 
identical pasteurized milk samples wtih un- 
known concentrations of radionuclides are 
analyzed in triplicate at each of the three re- 
gional laboratories. This program is carried 
out on a monthly basis. Under the assumption 
that all laboratories share the same degree of 
internal reproducibility (4), the three replicate 
measurements of each laboratory are averaged 
and the range of the several! laboratory means 
is calculated. Given that the variance of each 
average is known, a range control chart (4) 
can be designed to test the null hypothesis, 
Hin: = we = ps, against the alternative hy- 
pothesis, H, : the means ,; are not equal (4). 
where », (i= 1,2,3) are the sample means for 
each laboratory. 

These monthly crosscheck data were utilized 
to search for and define laboratory effects in 
the PMN and RMN radionuclide analyses. An 
estimate of these effects was necessary to prop- 
erly compare the two networks solely on the 
basis of their sampling plans. 


5 The strontium-90 RMN-PMN comparisons cover 
the time interval, January 1964—-December 1966. Cal- 
cium analysis was discontinued in March 1966. 
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In most cases, more than the three regional 
laboratories participated in these monthly 
crosscheck programs. Thus, with results from 
four or five laboratories, it was possible to 
estimate the concentration of each radionuclide 
from each month’s crosscheck data, by first 
removing results which were statistical outliers 
based on the range of the results from the 
laboratories, and then using the average of 
the remaining data as an estimate of the con- 
centration. 

When an outlying value was found, it was 
dropped from consideration and a new range 
and control limits were calculated. This proc- 
ess was continued until some noncritical subset 
of laboratories participating in the crosscheck 
was found. This subset contained two or more 
laboratories whose range did not exceed the 
control limits. The average concentration of 
this subset was used as a “best” estimate for 
the true concentration for the particular radio- 
nuclide in the crosscheck sample. When a range 
was found out of control with no laboratory 
appearing as an outlier, a search was made of 
succeeding monthly samples to detect any trend 
(i.e., some laboratory whose results were gen- 
erally above or below the values from other 
laboratories). If such a trend developed, that 
laboratory was said to be out of control for 
the crosscheck period and removed from further 
consideration. Many times it was impossible 
to reduce a range to a noncritical state. When 
such a case occurred, an estimate of the true 
concentration was taken as the average of all 
the laboratories. 

From a compiled listing of these “best’’ esti- 
mates, a measure of the monthly bias in the 
nuclide determinations at each regional labo- 
ratory was computed. For the radionuclides, 
an incorrect calibration in the counting instru- 
ments will lead to bias which is a function of 
the radionuclide concentrations present. For 
example, the beta-particle counting of stron- 
tium-—90 using an incorrect efficiency will yield 
a bias which is proportional to the true con- 
centration. In gamma-ray spectrographic anal- 
ysis, the bias and gain shifts yield errors 
which are functionally related to the inter- 
fering radionuclides and background levels. 
For the purpose of relating quality control data 
to the bias in a routine operation, the assump- 
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tion was that bias is proportional to the true 
concentration of the radionuclide being as- 
sayed. This same assumption was used for 
calcium determinations. However, since the 
calcium levels in milk are relatively invariant, 
a constant bias and a constant percent bias 
are almost identical in this case. 

For the purpose of obtaining data correction 
factors, least square polynomials were fitted to 
the bias estimates for each laboratory and 
each nuclide under study. From these curves 
estimates of the average bias for each month 
were obtained. Table 1 shows the resultant 
correction formulae obtained from this anal- 
ysis. RMN and PMN data corrected for labo- 
ratory effects appear in figures 2-5. 


Table 1. Correction factors for laboratory differences 
between the Raw Milk and Pasteurized Milk Networks 





Nuclide Laboratory Error function 





Cesium-137_..| SERHL------ 98 .3462 — y 0970t —0.0135t ? 
96 .5959 —0.0493t 


-2533 —0.1959t-+0.0100t ? 


-6792 +0 .0520t +0 .0223t ? 
2.3912+0.7210t 
-5769+0 .0062t 


- 1142 —0.0222t —0 .0036t ? 
-6730+0 .2468t —0.0132t ? 
-1115—0.0204t+0.0074t ? 


-2044+0 .0825t +0 .0117t? 
99.8155 —0.2679t —0 .0304t ? 
101. 1462 —0. 1328t 


Strontium-90 - 


Calcium 


Potassium. -_-_-} § 











estimated mean concentration 





* p(t) = 100 


} where t = time in months 


true mean concentration 
with t = 0 at July 1965 and (—18< t s 17). 


Summary of results 


Paired t-tests for the corrected RMN and 
PMN data from each of the nine stations 
(table 2) yielded results which for strontium-— 
90 are similar to those of Campbell (1), with 
significant differences observed at New York 
City, St. Louis and Atlanta. For cesium—137, 
New York City and St. Louis showed signifi- 
cant differences in the mean concentrations. In 
the case of the stable elements, potassium and 
calcium, the only significant difference shown 
by this test was observed for calcium at At- 
lanta. 

Table 3 presents correlation coefficients for 
the concentration of the various elements and 
radionuclides for each of the data sets. An 
analysis of table 3 shows that for strontium—90 
and cesium-—137 significant correlations exist 
between the two networks with the higher cor- 
relations consistently associated with cesium— 
137. During the period of comparison, January 
1964—June 1966, when fallout levels were de- 
creasing, direct aborption of cesium-—137 by 
plants would amount to a greater degree of 
plant contamination than would uptake through 
the soil. The opposite would be the case for 
strontium-90 (7). Therefore, cesium—137 
would be expected to be less affected by farm- 
ing practices than strontium—90. 

Calcium correlations were all insignificant. 
This may be interpreted to mean that labora- 


Table 2. Paired t-test® results for internetwork comparison of mean concentrations 





Nuclide St. Louis 


Sacra- 
mento 


Atlanta | Chicago | Spokane | Austin 





Strontium-90-__- J d > 10.34 
2 b5.34 

—3.06 

Coletun 3.66 














2.09 
0.42 
-85 




















* Two-tailed test at 0.002 level of significance for each individual t-test, with degrees of freedom equal to 
n-1, where n is the number of paired samples for a particular radionuclide at a specific station (see figures 2-5 for 


values of n). 
> Significant difference. 


Table 3. 


For the entire set of 36 t-tests, the probability of a type I error is 0.07. 


Correlation coefficients* for the two networks at each station 





Nuclide Cincin- 


nati 


Atlanta | Chicago | Spokane 





Strontium-90____ J 0. 
Cesium-137 


Calcium 
































* To test whether p (correlation coefficient) is significantly different from zero given the tabled Yong of r (ob- 


served correlation coefficient) for a sample size of 30 at a = 0.00: 
for |r| = |rerit] we can assume p ~ 0. For the entire set of 36 t-tests the probability of type I error - 0. 0.07. 


2, we have as critical points rerit = |. Hence 
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tory analytical errors and sampling errors are 
greater than changes in the concentration 
levels. Similar results were observed for po- 
tassium with evidence of some correlation 
existing in St. Louis, Atlanta, and Chicago. 


Conclusions 


At four stations, where results obtained 
from the two milk sampling programs were 
similar, as is evidenced by the lack of significant 
differences in the mean concentrations (table 
2) and the higher correlations in table 3 for 
strontium—90 and cesium-—137, a greater degree 
of geographical overlap (figure 1) was found 
between the RMN and PMN milksheds than 
among the other stations. For these four cities, 
Salt Lake City, Sacramento, Austin, and Spo- 
kane, the raw milk sample is probably more 
representative of the PMN sample than for the 
other cities. 

At two other stations, Cincinnati and Chi- 
cago, evidence was also found of correlation 
between the networks for cesium-137 and 
strontium-90 and a lack of significant differ- 
ences in the paired t-tests for the mean concen- 
trations of the elements and radionuclides 
studied. However, as can be seen in figure 1, 
these stations have little milkshed overlap. A 
plausible explanation of this apparent paradox 
lies in the relationship of farming practices, 
soil fertility, and rainfall between the RMN 
and PMN counties. Olsen (8) shows that these 
RMN milksheds normally have cows on pasture 
from May 1 to October 1, and that these dates 
can be extended to the PMN milksheds with 
the exception that the dates extend from April 
1 to October 15 and May 15 to September 15 
for Cincinnati and Chicago, respectively. Rain- 
fall over this entire five-State area is fairly 
uniform and a survey of the farms at each 
milkshed that participate in the RMN shows 
a high degree of similarity as far as farming 
practices are concerned. Hence, it seems rea- 
sonable that each RMN milkshed is represent- 
ative of the greater PMN milkshed due to the 
homogeneity of the important factors. There- 
fore, on this basis, it is not unreasonable to 
expect to see similarity in the levels of the ele- 
ments and radionuclides studied. 
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In New York City, St. Louis, and Atlanta, 
where there was evidence of significant dif- 
ferences in the mean concentrations of various 
radionuclides and elements, the RMN and PMN 
milksheds had in common an extremely small 
geographical area. In New York City and St. 
Louis, the RMN sample was representative of 
only one out of 30 and one out of 26 dairies, 
respectively ; and in Atlanta, one out of 4 dairies. 

No attempt was made to do an internetwork 
comparison of the milk concentrations of 
iodine-131, barium-—140, and strontium-89 be- 
cause of the extremely low levels present during 
the period of this study. 
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Discussion and tabulation of findings for the 
Raw Milk Network, January 1963—December 
1966 


The values for all monthly samples collected 
in the Raw Milk Sampling Program from 
January 1963 through December 1966 are sum- 
marized in tables 4 through 10 for iodine—131, 
barium-140, strontium—89, strontium—90, ce- 
sium-137, calcium and potassium, respectively. 


Table 4. Concentrations of iodine-131 


A tabulation for the period 1957-1963 has been 
published earlier (1). 

During 1963 there was a rapid decline in 
values for the short-lived radionuclides. How- 
ever, by 1966, a decline in nearly all radio- 
nuclides was observed with only seasonal vari- 
ations and slight effects due to the limited 
atmospheric tests in 1964. 

From 1963-1966, the monthly average for 
iodine-131 at most stations was low or at the 


in raw milk, January 1963-December 1966 








Concentrations 
(pCi/liter) 





Atlanta | Chicago 


Cincinnati 


| 
St. Louis Austin Salt Lake Sacramento | Spokane 


City 





1963 


November. ......_- aE 
December 
































* All intermediate data were <10 pCi/liter. 


Table 5. Concentrations of barium-140 in raw milk, January 1963—-December 





Concentrations 
(pCi/liter) 





Month Atlanta Chicago 


New York 
City 


Cincinnati 


St. Louis Salt Lake 


City 


Austin Sacramento Spokane 





<10 


<10 
<10 
































® All intermediate data were <10 pCi/liter. 
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nondetectable level. During the above men- 
tioned period there were only 14 reports of 
detectable iodine-131. Data for barium-—140 
are similar to that for iodine-131. From 1963— 
1966 with the exception of two analyses, all 
concentrations of barium—140 were nondetect- 
able. 

During 1963, maximum concentrations of 
strontium-89 rose to nearly the same values 


‘1959 (1). 


in some locations as those recorded for 1957- 
During 1964-1966, concentrations 
were very low or nondetectable with only one 
significant value of 45 pCi/liter. Peak values 
are usually reached during the spring and 
summer months. 

During 1963-1966, strontium-90 maximum 
and minimum values were considerably higher 
than were those for 1957-1961 (1), with a 


Table 6. Concentrations of strontium-89 in raw milk, January 1963-December 
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Concentrations 
(pCi/liter) 





| 
Atlanta | Chicago 


New York 
City 


Cincinnati 





| Salt Lake 
| City 


St. Louis Austin 








November - ee 
BNE ccccnecsoosa 


__— EE 
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maximum value of 68 pCi/liter being reached 
in the spring of 1964. 

Cesium—137 concentration trends in raw milk 
were similar to those for strontium—90 for the 
same period. During 1963—1964, concentrations 
of cesium-—137 reached their highest values, 
peaking at 390 pCi/liter in the summer of 


1963; declining again during 1965-1966. 

Calcium and potassium measurements were 
rather constant during the years 1963-1966. 
Fluctuations in calcium and potassium data are 
generally ascribed to laboratory variations, as 
opposed to actual variations in milk concentra- 
tions. 


Table 7. Concentrations of strontium-90 in raw milk, January 1963-December 1966 





Concentrations 
(pCi/liter) 





Month Atlanta Chicago 
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January 
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January 
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Table 8. Concentration of cesium-137 in raw milk, January 1963-December 





Concentrations 


(pCi /liter) 





Atlanta 


Chicago 


Cincinnati 


St. Louis 


Austin 


Spokane 





October.......-------- 


November 
December 














100 
100 
110 
115 
210 
295 
165 
150 
155 
180 
190 
220 
185 
205 
180 
205 
110 
70 
75 
90 
100 
85 
95 
100 
85 
45 
50 
45 
35 
35 
50 
30 
50 
30 
35 
45 
40 
30 
25 
35 
15 
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Table 9. Concentrations of calcium in raw milk 


(g/liter) January 1963-December 19668 





Month 


New York 
City 


Atlanta 


Chicago 
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St. Louis 


Austin 


Salt Lake 
City 


Sacramento 





1963 
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Table 9. Concentrations of calcium in raw milk (g/liter) January 1963-December 1966*—Continued. 
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* Calcium analysis discontinued after March 1966. 


Table 10. Concentrations of potassium in raw milk, January 1963-December 





Concentrations 
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SECTION LI. 


In the determination of the internal exposure 
to man from environmental radiation sources, 
primary interest centers on radionuclides in 
the diet. Federal and State agencies are in- 
volved in efforts to monitor continuously the 
dietary intake of radionuclides. The most di- 
rect measure of radionuclide intake would be 
obtained by radioanalysis of the total diet. 
Difficulties in obtaining specific dietary data 
impede this approach. An alternate method 
entails the use of indicator foods to arrive at 
an estimate of the total dietary radionuclide 
intake. 

Fresh milk is one such indicator food. It is 
consumed by a large segment of the U.S. popu- 
lation and contains most of the biologically 
significant radionuclides which appear in the 
diet. It also is one of the major sources of 
dietary intake for the short-lived radionuclides. 
For these reasons, fresh milk is. the single food 
item most often used in estimating the intake 
of selected radionuclides by the general popula- 
tion and/or specific population groups. In the 
absence of specific dietary information, it is 
possible to approximate the total daily dietary 
intake of selected radionuclides as being equiv- 
alent to the intake represented by the consump- 
tion of 1 liter of fresh milk. 

The Federal Radiation Council (FRC) has 
developed Radiation Protection Guides (RPG’s) 
for controlling normal peacetime nuclear op- 
erations, assuming continuous exposure from 
intake by the population at large (1-3). The 
RPG’s do not and cannot establish a line which 
is safe on one side and unsafe on the other; 
they do provide an indication of when there 
is a need to initiate careful evaluation of ex- 
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MILK AND FOOD 


posure (3). Additional guidelines are pro- 
vided by the FRC Protective Action Guides (4) 
and by the International Commission on Radio- 
logical Protection (5,6). 

Data from selected national, international, 
and State milk and food surveillance activities 
are presented herein. An effort has been made 
to present a cross-section of routine sampling 
programs which may be considered of a con- 
tinuing nature. Routine milk sampling has 
been defined as one or more samples collected 
per month. 
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National and International Milk Surveillance 


As part of continuing efforts to quantita- 
tively monitor man’s exposure to radionuclides, 
various national and international organiza- 
tions routinely monitor radionuclide levels in 

Program 


Radiostrontium in milk, HASL 


milk. In addition to those programs reported 
below, Radiological Health Data and Reports 
coverage includes: 


Period reported Last presented 





January—December 1967 





August 1968 





1. Pasteurized Milk Network 
May 1968 


National Center for Radiological Health and 
National Center for Urban and 
Industrial Health, PHS 


The Public Health Service’s Pasteurized Milk 
Network (PMN) is designed to provide nation- 
wide surveillance of radionuclide concentra- 
tions in milk through sampling from major 
milk production and consumption areas. The 
present network of 63 stations (figure 1) pro- 
vides data on milk in every State, Washington, 
D. C., the Canal Zone, and Puerto Rico. The 
most recent description of the sampling and 


analytical procedures employed by the PMN 
appeared in the January 1968 issue of Radio- 
logical Health Data and Reports (1). Refer- 
ence should also be made to the February 1968 
issue (2), in which several changes in the in- 
terpretation and reporting of data were intro- 
duced. 


Table 1. Analytical errors associated with determina- 
tions of radionuclide concentrations in a milk sample 





Error * 
(percent of 
concen- 
tration) 


Nuclide Concen- 
tration 


(pCi/liter) 


Error * 
(pCi/liter) 


Concen- 
tration 
(pCi/liter) 








Strontium-89___- 
Strontium-90____ 
Iodine-131 

















* Two standard deviations. 
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Figure 1. 


Pasteurized Milk Network sampling stations 
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Table 2. Average concentrations of radionuclides in milk for May 1968 
and the 12-month period, June 1967 through May 1968 





Radionuclide concentrations * 
(pCi /liter) 





Strontium-89 Strontium-90 Iodine-131 Cesium-137 Barium-140 
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* See text for averaging procedure. 

> 12-month averages represent only 9 months data. 

NA no analysis. 

Table 1 shows the approximate analytical tions in milk. These errors were determined 
errors (including counting error) associated by comparing results of a large number of 
with determinations of radionuclide concentra- _replicate analyses. Table 2 contains averages 
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for May 1968 and 12-month average for the 
period, June 1967 through May 1968. The 12- 
month average facilitates evaluations of popu- 
lation exposure with respect to the guidance 
provided by the Federal Radiation Council, 
which suggests average total daily intakes 
“averaged over periods of the order of a year,” 
as an appropriate criterion (3). The average 
radionuclide concentrations are based on re- 
sults obtained from samples collected weekly. 
Whenever weekly concentrations were less than 
or equal to the appropriate minimum detectable 
levels, zero was used for averaging purposes 
(2). At very low radionuclide concentrations 
this often results in averages lower than the 
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minimum detectable concentration for a single 
sample, but any positive value reflects at least 
one weekly sample which was above the min- 
imum detectable level. The minimum detect- 
able concentration is defined as the measured 
concentration equal to the two-standard devia- 
tion analytical error. Accordingly, the min- 
imum detectable concentrations in units of 
pCi/liter are: strontium-—89, 5; strontium—90, 
2; iodine-131, cesium-137, and barium-140, 
10. 

The average strontium—90 concentrations in 
pasteurized milk from selected cities are pre- 
sented in figure 2. 
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Figure 2. Strontium-90 concentrations in pasteurized milk, 1964-May 1968 
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2. Canadian Milk Network 
May 1968 ° 


Radiation Protection Division 
Department of National Health and Welfare 


Since November 1955, the Radiation Pro- 
tection Division of the Department of National 
Health and Welfare has been monitoring milk 
for radionuclide concentrations. Powdered 
milk was originally sampled, but liquid whole 
milk has been sampled since January 1963. 
At present, 16 milk sampling stations (figure 
3) are in operation. Their locations coincide 
with air and precipitation sampling stations. 

Milk samples are collected three times a week 
from selected dairies and are combined into 
weekly composites. The contribution of each 
dairy to the composite sample is directly pro- 
portional to the liquid volume of sales. Weekly 
spot check analyses are made for iodine—131, 
and monthly composites are analyzed for stron- 
tium-90, cesium-—137, and stable calcium and 
potassium. The analytical procedures were out- 


1 Prepared from June 1968 monthly report “Data 
from Radiation Protection Programs,” Canadian De- 
partment of National Health and Welfare, Ottawa, 
Canada. 


lined in the April 1968 issue of Radiological 
Health Data and Reports (4). 

The May 1968 monthly average strontium— 
90, cesium-137, and stable calcium and potas- 
sium concentrations in Canadian whole milk 
are presented in table 3. lodine—131 and stron- 
tium-89 concentrations were below minimum 
detectable levels. 


Table 3. Stable elements and radionuclides in 
Canadian whole milk, May 1968 





Strontium- Cesium- 


Station Potassium 


(g/liter) 


Calcium 
(g/liter) 
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Figure 3. Canadian milk sampling stations 
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3. Pan American Milk Sampling Program 
May 1968 


Pan American Health Organization and 
U.S. Public Health Service 


The Pan American Health Organization 
(PAHO) in collaboration with the U.S. Public 
Health Service (PHS), furnishes assistance to 
health agencies in the American Republics in 
developing national radiological health pro- 
grams. 

Under a joint agreement between agencies, 
air and milk sampling activities are conducted 
by a number of PAHO member countries (fig- 
ure 4). Results of the milk sampling program 
are presented below. Further information on 
the sampling and analytical procedures em- 
ployed was presented in the December 1966 
issue of Radiological Health Data and Reports 
(5). 
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Figure 4. Pan American Milk Sampling Program 
stations 
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Table 4 presents stable potassium, strontium— 
90 and cesium-137 monthly concentrations for 
May 1968. 


Table 4. Stable element and radionuclide concentra- 
tions in Pan American milk," May 1968 





Number | Potassium 
of samples| (g/liter) liter) 


Sampling station 





Chile: Santiago. -_-_ 
Colombia: Bogota 
Ecuador: Guayaquil--- 
Jamaica: Mandeville_ _ 
Venezuela: Caracas 
Canal Zone: Cristobal °__- 
Puerto Rico: San Juan-_- 





oo | oucceo 
Nw okooco 

















* All strontium-89 results were < 5pCi/liter; iodine-131 and barium-140 
results were all < 10 pCi/liter. 
> Strontium-90 single sample results <2 pCi/liter and cesium-137 
single sample results < 10 pCi/liter are reported us 0. 
¢ For comparison, the radionuclide concentrations in Pasteurized 
Milk Network samples collected at Cristobal, Canal Zone, and San Juan, 
Puerto Rico, are presented. 
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State Milk Surveillance Activities 


Considerable progress has been made by the 
State health departments in initiating or ex- 
panding environmental surveillance activities 
in radiological health. Many of the States now 
have comprehensive environmental surveillance 
programs and_ self-sustaining radiological 
health laboratories. 

. The continuing efforts of State health de- 
partments in the analysis and monitoring of 
radionuclides in milk complement Federal milk 
surveillance activities. State milk surveillance 
activities are continually undergoing develop- 


State milk network 


mental changes. The results presented herein 
are representative of current surveillance ac- 
tivities directed at the use of milk as an indi- 
cator of dietary intake of radioactivity. 

Figure 1 shows the States which report milk 
surveillance activities in Radiological Health 
Data and Reports. States having programs 
appearing in this issue are highlighted in the 
figure. Following is a summary of previously 
covered State programs, their reporting period, 
and the last issue in which they appeared. 


Period reported Last presented 











Colorado 
Connecticut 
Florida 
Indiana 
lowa 
Michigan 
Minnesota 
New York 
Pennsylvania 
Tennessee 
Texas 


January—March 
January—March 
January—March 
January—March 
January—March 
January—March 
January—March 
January—March 
January—March 
January—March 
January—March 


1968 
1968 
1968 
1968 
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1968 
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August 1968 
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Figure 1. Reported State milk programs 
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1. California Milk Network 
January-March 1968 


Division of Environmental Sanitation 
State of California 
Department of Public Health 


Surveillance of specific radionuclides in milk 
is one phase of the California Department of 
Health program on radiation control. This 
milk monitoring function is conducted by the 
Department’s Bureau of Radiological Health 
at 10 major milksheds (figure 2). 

In January 1960, the eight original sampling 
locations were chosen by the State Department 
of Agriculture so as to be representative of 
milk consumed by a high percentage of the 
State’s population. The Del Norte and Men- 
docino milksheds were added to the program 
in March 1962 and since that time, weekly, bi- 
weekly or monthly sampling of pasteurized milk 


has been conducted in 10 milkshed areas of 
the State. A description of the various Cali- 
fornia milksheds was presented earlier by 
Heslep and Cornish (1). 

Strontium-89 and strontium-90 concentra- 
tions are determined radiochemically. Potas- 
sium—40, iodine—131, cesium—137, and barium— 
140 in whole fluid milk are determined by 
gamma-ray scintillation spectrometry. A de- 
tailed description of the analytical procedures 
was presented in an earlier report (2). 

The monthly caicium, potassium and radio- 
nuclide concentrations in California pasteur- 
ized milk are given in table 1 for the period of 
January to March 1968. All iodine—131 concen- 
trations remained below detectable levels of 
10 pCi/liter during this period. 

Network average strontium-—90 and cesium— 
137 concentrations are presented graphically 
in figure 3. 














0 20 40 60 801 
Scale in Miles 











Figure 2. California milksheds 
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Table 1. 


Stable elements and radionuclides in California milk, January-March 1968 





Sampling location 


Calcium 
(g/liter) 


Potassium 
(g/liter) 


Strontium-89 
(pCi/liter) 
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(pCi/liter) 


Barium-140 
(pCi/liter) 
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NS, no sample collected. 

ND, nondetectable. 

Minimum detectable levels: 
pCi/liter. 


MONTHLY NETWORK AVERAGES 


CONCENTRATION (pCi/liter) 
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strontium-89—2.5 pCi/liter; strontium-90—1.5 pCi/liter; iodine-131—7 pCi/liter; cesium-137—7 pCi/liter; barium-140—7 





Figure 3. Radionuclide concentrations in California milk, 1964-March 1968 


Recent coverage in Radiological Health Data and 


Reports: 
Period 
March 1968 
July-September 1967 


Issue 


October-December 1967 
June 1968 





2. Oregon Milk Network 
January-March 1968 


Division of Sanitation and Engineering 
Oregon State Board of Health 


The Oregon State Board of Health has mon- 
itored radionuclide concentrations in milk since 
March 1962. As part of this program routine 
milk samples are collected at seven major pro- 
duction areas (figure 4), which supply 90 per- 
cent of the milk distributed in Oregon. Cur- 
rently, pasteurized milk samples are collected 
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monthly by the Oregon Department of Agricul- 
ture, except in the Portland area where weekly 
samples are collected by the city of Portland. 
The milk sampling frequency is accelerated to 
a weekly basis in areas where iodine—-131 con- 
centrations exceed 100 pCi/liter, or when 
cesium-—137 concentrations exceed 500 pCi/liter. 
Strontium-90 analyses are performed on a 
bimonthly basis, but may be done monthly 
when significant increases are observed. 
Strontium—90 concentrations are determined 
using an ion-exchange analytical procedure 
(3). Iodine-131, cesium-—137, and barium—140 
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concentrations are determined by gamma-ray 
scintillation spectrometry (4). 

Table 2 gives the strontium—90 and cesium— 
137 concentrations in pasteurized milk from 
January through March 1968. These data are 
presented graphically in figure 5. Iodine—131 
and barium-—140 concentrations remained below 
minimum detectable levels of 15 pCi/liter for 
all samples which were collected in January 
through March 1968. 
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Figure 4. Oregon milk production and distribution areas 


Recent coverage in Radiological Health Data and 
Reports: 
Period 


July-September 1967 
October—December 1967 


Issue 


March 1968 
June 1968 


Table 2. Radionuclide concentrations in Oregon 
pasteurized milk, January-March 1968 





Strontium-90 
(pCi /liter) 
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(pCi/liter) 
Location 
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Key to symbols: M, sampled monthly. 
W, sampled weekly. 
NA, no analysis. 
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Figure 5. Radionuclide concentrations in Oregon 
milk network, 1964—-March 1968 





3. Washington Milk Network 
January-March 1968 


Office of Air Quality Control 
State of Washington Department of Health 


The Washington State Department of Health 
initiated a surveillance program for radioac- 
tivity in raw milk in December 1962. The col- 
lection points shown in figure 6 were selected 
to provide samples representative of varying 
climatological conditions within the State’s two 
major milksheds. In addition to the eight milk 
sampling locations in Washington, milk is sam- 
pled from Northwest Idaho (Sandpoint), as 
this area forms a part of the Spokane milkshed. 
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Details of the sampling procedures were pre- 
sented in an earlier report (5). 
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Figure 6. Washington milksheds and sampling 
locations 
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Table 3. Radionuclide concentrations in Washington raw milk 
January-March 1968 
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Sampling location 
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* Two samples represented in average. 
NS, no sample. 


Selected samples are radiochemically ana- 
lyzed for strontium-90. Potassium—40, iodine— 
131, cesium-137, and barium-—140 concentra- 
tions are determined by gamma-ray scintilla- 
tion spectrometry. Details of the analytical 
procedures were presented earlier (5). 

Table 3 presents monthly radionuclide con- 
centrations in Washington raw milk for Jan- 
uary through March 1968. Samples collected 
during January through March 1968 contained 
less than 10 pCi/liter of iodine-131. Barium-— 
140 results remained below 15 pCi/liter for all 


samples collected during this period. Monthly 
average strontium—90 and cesium-137 concen- 
trations are presented graphically in figure 7 
to display general trends. 
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Figure 7. Radionuclide concentrations in Washington 
milk, 1964-March 1968 
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During this reporting period, three samples 
were collected (one from Benton County and 
two from Franklin County) and analyzed for 
zinc—65. In all three cases, zinc—65 levels were 
less than 25 pCi/liter. Milk samples produced 
in areas using Columbia River water for irri- 
gation have periodically been found to contain 
this radionuclide. 


Recent coverage in Radiological Health Data and 
Reports: 
Period 


July-September 1967 
October-December 1967 


Issue 


March 1968 
June 1968 
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Food and Diet Surveillance 


Efforts are being made by various Federal 
and State agencies to estimate the dietary in- 
take of selected radionuclides on a continuing 
basis. These estimates along with the guidance 
developed by the Federal Radiation Council, 
provide a basis for evaluating the significance 
of radioactivity in foods and diet. 

Networks presently in operation and re- 


Program 


Period reported 


ported routinely include those listed below. 
These networks provide data useful for devel- 
oping estimates of nationwide dietary intakes 
of radionuclides. Programs most recently re- 
ported in Radiological Health Data and Re- 
ports and not covered in this issue are as 
follows. 


Last presented 





California Diet Study 
Connecticut Standard Diet 
Institutional Total Diet, PHS 


Tri-City Diet, HASL 


July—October 1967 
July—December 1967 
October—December 

and annual summary 1967 
April—December 1967 





May 1968 
May 1968 


July 1968 
June 1968 
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SECTION Il. WATER 


The Public Health Service, the Federal Water 
Pollution Control Administration and other 
Federal, State, and local agencies operate ex- 
tensive water quality sampling and analysis 
programs for surface, ground, and treated 
water. Most of these programs include deter- 
minations of gross beta and gross alpha radio- 
activity and specific radionuclides. 

Although the determination of the total ra- 
dionuclide intake from all sources is of primary 
importance, a measure of the public health 
importance of radioactivity levels in water can 
be obtained by comparison of the observed 
values with the Public Health Service Drinking 
Water Standards (1). These standards, based 
on consideration of Federal Radiation Council 
(FRC) recommendations (2-4), set the limits 
for approval of a drinking water supply con- 
taining radium-—226 and strontium-90 as 3 
pCi/liter and 10 pCi/liter, respectively. Limits 


Water sampling program 





may be set higher if the total intake of radio- 
activity from all sources remains within the 
guides recommended by FRC for control action. 
In the known absence' of strontium—90 and 
alpha-particle emitters, the limit is 1,000 pCi/ 
liter gross beta radioactivity, except when addi- 
tional analysis indicates that concentrations of 
radionuclides are not likely to cause exposures 
greater than the limits indicated by the Radia- 
tion Protection Guides. Surveillance data from 
a number of Federal and State programs are 
published periodically to show current and 
long-range trends. Water sampling activities 
recently reported in Radiological Health Data 
and Reports are listed below. 


1 Absence is taken to mean a negligibly small frac- 
tion of the specific limits of 3 pCi/liter and 10 pCi/ 
liter for unidentified alpha-particle emitters and stron- 
tium-90, respectively. 


Period reported Last presented 








California 

Colorado River Basin 

Coast Guard 

Minnesota 

New York 

Radiostrontium in Tap Water, HASL 
Florida 

Washington 


January—June 1967 
1965-1966 
January—December 1966 
January—June 1967 
January—May 1967 
July—December 1967 
1965-1966 

July 1966—June 1967 


June 1968 
May 1968 
November 1967 
January 1968 
January 1968 
June 1968 
July 1968 
August 1968 
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Gross Radioactivity in Surface Waters of the United States, March 1968 


Division of Pollution Surveillance 
Federal Water Pollution Control 
Administration 
Department of the Interior 


The monitoring of levels of radioactivity in 
surface waters of the United States was begun 
in 1957 as part of the Federal Water Pollution 
Control Administration’s Water Pollution Sur- 
veillance System. Table 1 presents the current 
preliminary results of the alpha and beta radio- 
analyses. The radioactivity associated with 
dissolved solids provides a rough indication of 
the levels which would occur in treated water, 
since nearly all suspended matter is removed 
by treatment processes. Strontium—90 results 
are reported semiannually. The stations on each 
river are arranged in the table according to 
their distance from the headwaters. Figure 1 
indicates the average total beta radioactivity 


in suspended-plus-dissolved solids in raw water 
collected at each station. A description of the 
sampling and analytical procedures was pub- 
lished in the August 1967 issue of Radiological 
Health Data and Reports. 

Complete data and exact sampling locations 
for 1958 through 1963 are published in annual 
compilations (1-6). Data for subsequent years 
are available on request. 

Special note is taken when the alpha radio- 
activity concentration is 15 pCi/liter or greater 
or when the beta radioactivity concentration is 
150 pCi/liter or greater. These arbitrary levels 
provide a basis for the selection of certain data 
for comment. They reflect no public health 












































Figure 1. Sampling locations and associated total beta radioactivity (pCi/liter) 
in surface waters, March 1968 
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Table 1. 


Radioactivity in raw surface waters, March 1968 





Average alpha 
radioactivity 
(pCi/liter) 


Average beta 
radioactivity 
' (pCi/liter) 

Station 





Sus- Dis- Sus- 


Total 
pended | solved pended 


Average alpha 
radioactivity 
(pCi/liter) 
Station 





Sus- Dis- | Total 
pended | solved 





Animas River: 
mee Hill, N. Mex_- 
Arkansas River: 
Coolidge, Kans 
Ponca City, Okla---- 
Atchafalaya River: 
Morgan City, La. -_. 
Bear River: 


Big Horn River: 


* | Lg § 
ioux F 
Cc Meme d ay Lt 

Lewiston, Idaho 
Clinch River: 

Clinton, Tenn 

Kingston, Tenn *__- 
Colorado River: 

ome. S 

Page 

i Gen. Calif- 

Ariz_- . F 

Columbia River: 

Pasco, Wash *______- 

Clatskanie, Ore__.__- 
Connecticut River: 

_ Enfield Dam, Conn. - 


ooo oc ow Soo lO 


_ 


Cumberland River: 
Cheatham Lock, 


3reen River: 

Dutch John, Utah_ 
Hudson River: 

Poughkeepsie, N. Y- 
Illinois River: 


Klamath River: 
Keno, Ore 


ooowocoescese & 




















Mississippi River: 


North Piette River: 
Henry, Nebr 
Ohio River: 
Cairo, Ill 


w = ene wero 
eo wo oreo Ser 


A 


Platte River: 
Plattamouth, Nebr-__. 
Potomac River: 
Washington, D. C..- 
Red River, North: 
Grand Forks, 
N. Dak 


— 
a ww 


ww Ww 


Shiprock, N. ion... 
Savannah River: 
~—* Wentworth, 


eo Idaho 
South Platte River: 
Julesburg, Colo... -- 
Tennessee River: 
Chattan , Tenn. . 
Yellowstone River: 
Sidney, Mont 





Maximum 
































* Gross beta radioactivity at this station may not be directly comparable to gross beta radioactivity at other stations b 
of radionuclides from an upstream nuclear facility in addition to the contribution from fallout and naturally occurring radionuclides. 


significance as the Public Health Service drink- 
ing water standards have already provided the 
basis for this assessment. Changes from or 
toward these arbitrary levels are also noted in 
terms of changes in radioactivity per unit 
weight of solids. A discussion of gross radio- 
activity per gram of solids for all stations 
of the Water Pollution Surveillance System for 
1961 through 1965 has been presented (7). 
Comments are made only on monthly average 
values. Occasional high values from single 
weekly samples may be absorbed into a rela- 
tively low average. When these values are sig- 
nificantly high, comment will be made. 
During February and March the following 
stations showed values in excess of 15 pCi/ 
liter on alpha radioactivity for dissolved solids: 


Arkansas River; Coolidge, Kans. 


September 1968 


of the possible contribution 





North Platte River; Henry, Nebr. 
South Platte River; Julesburg, Colo. 
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SECTION III. 


AIR AND DEPOSITION 


Radioactivity in Airborne Particulates and Precipitation 


Continuous surveillance of radioactivity in 
air and precipitation provides one of the 
earliest indications of changes in environmental 
fission product radioactivity. To date, this sur- 
veillance has been confined chiefly to gross beta- 
radioanalysis. Although such data are insuffi- 
cient to assess total human radiation exposure 
from fallout, they can be used to determine 
when to modify monitoring in other phases of 
the environment. 

Surveillance data from a number of pro- 
grams are published monthly and summarized 
periodically to show current and long-range 
trends of atmospheric radioactivity in the 


Network 
HASL 80th Meridian Network 


Calendar year 1965 


Western Hemisphere. These include data from 
activities of the U.S. Public Health Service, 
the Canadian Department of National Health 
and Welfare, the Mexican Commission of Nu- 
clear Energy, and the Pan American Health 
Organization. 

An intercomparison of the above networks 
was performed by Lockhart and Patterson in 
1962 and is summarized in the January 1964 
issue of Radiological Health Data. In addition 
to those programs presented in this issue, the 
following programs were previously covered in 
Radiological Health Data and Reports. 


Period Issue 


January 1967 
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1. Radiation Alert Network 
May 1968 


National Center for Radiological Health 
U.S. Public Health Service 


Surveillance of atmospheric radioactivity in 
the United States is conducted by the Radiation 
Alert Network (RAN) which regularly gathers 
samples at 73 locations distributed throughout 
the country (figure 1). Most of the stations 
are operated by State health department per- 
sonnel. 

The station operators perform “field esti- 
mates” on the airborne particulate samples at 
5 hours after collection when most of the radon 
daughter products have decayed and at 29 hours 
after collection when most of the thoron 


daughter products have decayed. They also 
perform field estimates on dried precipitation 
samples and report all results to appropriate 
National Center for Radiological Health offi- 
cials by mail or telephone, depending on levels 
found. Compilation of the daily field estimates 
is reported elsewhere on a monthly basis (1). 
A detailed description of the sampling and 
analytical procedures was presented in the 
April 1968 issue of Radiological Health Data 
and Reports. 

Table 1 presents the monthly average gross 
beta radioactivity in surface air particulates 
and deposition by precipitation, as measured 
by the field estimate technique, during May 
1968. Time profiles of gross beta radioactivity 
in air for eight Radiation Alert Network sta- 
tions are shown in figure 2. 

All field estimates reported were within nor- 
mal limits for the reporting station. 
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Figure 1. 
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Radiation Alert Network sampling stations 








Table 1. Gross beta radioactivity in surface air and deposition, May 1968 





Precipitation 





Air surveillance Field estimation of deposition * 
Station location gross beta radioactivity 
(pCi/m') 





Last Total 
rofile in Number Depth deposition 
Maximum | Minimum | Average * HD&R of samples (mm) (nCi/m?) 
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* The monthly average is calculated by weighting the field estimates of individual air samples with length of sampling period. 
> No report received. (Air samples received without field estimate data are not considered by the data program). 
© No precipitation sample collected. 


4 [Indicates that the station is part of the plutonium in pre ~~ eae network. No gross beta measurements are done. 
¢ Samples were collected but no field estimates were report 


* The data in these columns apply only to samples for which field estimates were made. 
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Figure 2. Monthly end yearly profiles of beta radioactivity in air— 
Radiation Alert Network, 1962-May 1968 
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2. Canadian Air and Precipitation Surface air and precipitation data for May 
Monitoring Program, May 1968 ' 1968 are presented in table 2. 


Radiation Protection Division Table 2. Canadian gross beta radioactivity in surface 
Department of National Health and Welfare air and precipitation, May 1966 
j 





Air surveillance 
The Radiation Protection Division of the gross beta 


| radioactivity Precipitation 
Canadian Department of National Health and (PCi/m") mengurements 
Welfare monitors surface air and precipita- 
tion in connection with its Radioactive Fallout — 
Study Program. Twenty-four collection sta- . 
tions are located at airports (figure 3), where 
the sampling equipment is operated by person- 
nel from the Meteorological Services Branch of 
the Department of Transport. Detailed discus- 
sions of the sampling procedures, methods of 
analysis, and interpretation of results of the Goose Bay...... 
radioactive fallout program are contained in 
reports of the Department of National Health 
and Welfare (2-6). 

A summary of the sampling procedures and 
methods of analysis was presented in the April 
1968 issue of Radiological Health Data and 
Reports. 
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1 Prepared from information and data in the June Winnipe 
ao Ta report “Data from Radiation Protection Yellowknife -_- - - - 
rogram,” Canadian Department of National Health 
and Welfare, Ottawa, Canada. unseen 
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Figure 3. Canadian air and precipitation sampling stations 
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3. Mexican Air Monitoring Program 
May 1968 


National Commission of Nuclear Energy 


The Radiation Surveillance Network of Mex- 
ico was established by the Comisién Nacional 
de Energia Nuclear (CNEN), México, D.F. 
From 1952 to 1961, the network was directed 
by the Institute of Physics of the University 
of Mexico, under contract to the CNEN. 

In 1961, the CNEN appointed its Division 
of Radiological Protection to establish a new 
Radiation Surveillance Network. In 1966, the 
Division of Radiological Protection was restruc- 
tured and its name changed to Dirreccion 
General de Seguridad Radiolégica (DRS). The 
network consists of 16 stations (figure 4), 11 
of which are located at airports and operated 
by airline personnel. The remaining five sta- 
tions are located at México, D.F.; Mérida; 
Veracruz; San Luis Potosi; and Ensenada. 
Staff members of the DRS operate the station 
at México, D.F., while the other four stations 
are manned by members of the Centro de Pre- 
vision de] Golfo de México, the Chemistry De- 
partment of the University of Mérida, the 


Institute de Zonas Desérticas of the University 
of San Luis Potosi, and the Escuela Superior 
de Ciencias Marinas of the University of Baja 
California, respectively. 


Sampling 


The sampling procedure involves drawing 
air through a high-efficiency 6- by 9-inch glass- 
fiber filter for 20 hours a day, 3 or 4 days a 
week at the rate of 1,000 cubic meters per day 
using high-volume samplers. 

After each 20-hour sampling period, the 
filter is removed and shipped via airmail to 
the Seccién de Radioactividad Ambiental, 
CNEN, in México, D.F., for assay of gross beta 
radioactivity, allowing a minimum of 3 or 4 
days after collection for the decay of radon 
and thoron daughters. The data are not extrap- 
olated to the time of collection. Statistically, 
it has been found that a minimum of five 
samples per month were needed to get a re- 
liable average radioactivity at each station (7). 

The maximum, minimum, and average beta 
radioactivity in surface air during May 1968 
are presented in table 3. 
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Figure 4. Mexican air sampling locations 
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Table 3. Mexican gross beta radioactivity of airborne 
particulates, May 1968 





Gross beta radioactivity 
(pCi/m*) 
Number 
of samples 





Maximum | Minimum | Average * 





Guaymas. 
La 


México, D. F 
Nuevo Laredo- -..--.-.-- 

















NS, station temporarily shut down, no sample. 





4, Pan American Air Sampling Program the January 1968 Radiological Health Data and 
May 1968 Reports. The May 1968 air monitoring results 
from the participating countries are given in 

Pan American Health Organization and table 4. 
U.S. Public Health Service 





Gross beta radioactivity in air is monitored 
by countries in the Americas under the aus- KINGSTON 
pices of the collaborative program developed CARRE AS 
by the Pan American Health Organization 
(PAHO) and the U.S. Public Health Service ie ene. 
(PHS) to assist PAHO-member countries in 7 Qu 
developing radiological health programs. conor iia 

The air sampling locations are shown in fig- 4 ow 
ure 5. Analytical techniques were described in ! ¢ 4 


Table 4. Summary of gross beta radioactivity in 
Pan American surface air, May 1968 





Gross beta radioactivity 
(pCi/m!) 


Station location Number 
of samples 





Maximum | Minimum | Average * 





Argentina: Buenos Aires_- 
Bolivia: La Paz 
Chile: 
Colombia: 
Ecuador: Guayaquil--_- 
Jamaica: Kingston 
Peru: 
Venezuela: 

Jest 

Indies: Trinidad 


BUENOS AIRES 





Pan American summary-.- 























an a pp J a is ao «1 wetins the 1a ey roan 
with length of sampling period. Values less than 0.005 pCi/m* are reporte " A : . s 
and used in averaging as 6.00 pCi/m!, pCi/ ™ Figure 5. Pan American Air Sampling Program stations 
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5. Fallout in the United States 
and Other Areas’ 
July-December 1967 


Health and Safety Laboratory 
Atomic Energy Commission 


Monthly fallout deposition rates for stron- 
tium-90 are determined by the Health and 
Safety Laboratory (HASL) for 49 sites in the 
United States and 107 locations in other coun- 
tries. HASL data from all of the active United 
States stations and other selected points in the 
Western Hemisphere (figure 6) covering the 
period from July through December 1967, are 
summarized in tables 5 and 6. All the sta- 
tions of the 80th Meridian Network are repre- 
sented. 


Methods of collection 


Two methods of fallout collection are em- 
ployed by HASL. In the first, precipitation 
and dry fallout are collected for a period of 
1 month in a stainless steel pot with an ex- 
posed area of 0.076 m*. At the end of the col- 


Table 5. Strontium-90 fallout in the Unit 


lection period, the contents are transferred, by 
careful scrubbing with a rubber spatula, to 
a polyethylene sample bottle which is then 
shipped to the laboratory for analysis. 

The second method involves the use of a 
polyethylene funnel, with an exposed area of 
0.072 m?, attached to an ion exchange column. 
After a 1-month collection, the inside of the 
funnel is wiped with a tissue, and the tissue is 
inserted in the end of the column, which is 
then sealed and sent to HASL for analysis. 
It has been shown that at the 95 percent con- 
fidence level there was no significant difference 
in the strontium—90 measurements obtained 
from samples collected by the two methods (1). 

Laboratories at Westwood, N. J., New York 
City, N. Y., and Seattle, Wash., have analyzed 
monthly precipitation samples for other radio- 
nuclides. The amount of precipitation at each 
station and the monthly deposition rates for 


2 The data in this article were taken from “Fallout 
Program Quarterly Summary Report,” HASL—197:A-4 
4 os HASL-193:II-9 to II-25 (July 1968; April 

68). 


ed States, HASL, July-December 1967 





Sampling location Type of 
collection 


Deposition 
(nCi/m?) 








Cold Bay 
Fairbanks 


W. Los Angeles 
San Francisco 


International Falls 
Columbia 


: New York City 
: Williston 


Salt Lake City 
Sterling 
Sea: 


column 


























NS, no sample reported. 
T, trace or zero. 
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Figure 6. HASL fallout sampling stations in the Western Hemisphere 
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Table 6. Strontium-90 fallout 


in North and South America, HASL, July-December 





Sampling location T 


of 


ection 


position 
eM aye 











Argentina: 


Bahamas: 
Bermuda: 
Bolivia: 


Bimini. . 

Kindley AFB 
Chacaltaya 

La Paz (city) 

La Paz dhs tontetins 
Belem 


Brazil: 


Nova Friburgo 

Rio de Janeiro 

San Jose Dos Compos 

San Leopoldo 

Trindade Island 
Canada: 
Canal Zone: 
Chile: Antofagasta 
Isla Robinson Crusoe *__ 
Easter Island 


Santiago 
Bogota__- 
Tu rrialba 


Colombia: 
Costa Rica: 
Equador: 


Greenland: 
Iceland: 
Mexico: 
Peru: 


Puerto Rico: 
Venezuela: 





column 
column 
column 
column 
column 
column 
column 
column 
column 


column 
.| column 
column 
column 
.| column 
column 
column 


column 
column 
column 
..| column 
.| column 
column 
column 
column 
column 























* I. Alejandro Selkirk 


> indicates proportioned from originally consolidated data. 
8, no sample reported 
T, trace or zero 


iron—55, strontium-90, plutonium-238, and 
plutonium—239-240, at each station are pre- 
sented in table 7. 


Table 7. Radiochemical analyses of precipitation 
samples at 3 U.S. sites, HASL, 
July-December 1967 








Feesiahatign (em) 
N. J: Westwood - 
eg ~ — 
Wash: 


gente. 


Tron-55 (nCi/m?) 
N. Westwood_ 
Wash: Seattle__ 


Strontium-90 
(nCi/m?*) 
N.J: Westwood. 
N. Y: New York 
City 
Wash: Seattle 
Plutonium-238 


a ioe 
N. Y: ao — 


Wash: ma Ly 
Plutonium-239-240 

(nCi/m?) 

N.Y: New a 

Wash: 


Cit , 
Seattle. one 























NS, no sample reported. 
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SECTION IV. OTHER DATA 


This section presents results from routine 
sampling of biological materials and other 
media not reported in the previous sections. 
Included here are such data as those obtained 


from human bone sampling, bovine thyroid 
sampling, Alaskan surveillance and environ- 
mental monitoring around nuclear facilities. 





Strontium—90 in Human Bone, April-J une 1967’ 


National Center for Radiological Health 
Public Health Service 


To obtain data on the concentration of stron- 
tium—90 in man by age and geographical re- 
gion, the Public Health Service began collecting 
human bone specimens in late 1961. Analyses 
of selected samples of people in older age 
groups have shown their bone strontium—90 
content to be low and age-independent (1). 
Consequently, the target population includes 
children and young adults up to 25 years of 
age. 


1 Period during which death or surgical procedure 
occurred. 


Although a few samples come from living 
persons as a result of surgical procedures, the 
majority are obtained post mortem. In the 
latter case, the specimens are limited to acci- 
dent victims or persons who have died of an 
acute disease process that was not likely to 
impair bone metabolism. For analytical pur- 
poses, a sample of at least 100 grams of wet 
bone is desired. Generally, this amount is 
readily available from older children, but it 
presents some difficulties from the standpoint 
of infants and children under 5 years of age. 
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Figure 1. Geographical regions for human bone sampling 
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See footnotes at end of table. 
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® Type of bone: V, vertebrae; 


R, rib; S, sternum; 


» Age given as of last birthday prior to death. 


¢ Two-sigma counting error 


SK, skull 


Radiological Health Data and Reports 





Most specimens received to date have been 
vertebrae and ribs. 


Laboratory procedures 


The bones are analyzed at the Northeastern 
Radiological Health Laboratory of the National 
Center for Radiological Health, at Winchester, 
Mass. Sample collection and preparation are 
explained elsewhere (2). Strontium—-90 is 
measured by tributyl phosphate extraction of 
its yttrium daughter, which is precipitated as 
an oxalate. The strontium—90 content is then 
calculated (3) from the yttrium—90 activity. 
For the purpose of maintaining analytical re- 
producibility, “blind” duplicate analyses are 
performed on 10 to 20 percent of the samples. 
To further check and maintain analytical accu- 
racy, synthetic “bone ash” samples (calcium 
phosphate spiked with strontium—90) are ana- 
lyzed periodically and crosscheck analyses are 
carried out quarterly with the Health and 
Safety Laboratory of the AEC, which performs 
similar analyses. 

The analytical results for strontium-90 in 
individual bones from persons dying during 
the second quarter (April—June) of 1967 are 
presented in table 1 in order of increasing age 
within each geographical region. These regions 
are indicated in figure 1. Reported values are 
given in picocuries of strontium—-90 per kilo- 
gram of bone (as a rough indication of dose) 
and per gram of calcium (for comparison with 


other data and for purposes of model develop- 
ment). Two-sigma counting errors are reported 
for the bone concentration. 

Following the pattern of earlier reports, sub- 
sequent articles will continue to provide inter- 
pretation of the data at appropriate stages in 
the program (2-5). 


Recent coverage in Radiological Health Data and 
Reports: 
Period 


October—December 1966 
January-March 1967 


Issue 


September 1967 
June 1968 


REFERENCES 


(1) RIVERA, J. Strontium-90 in human vertebrae, 
1962-1963. "Radiol Health Data 5:511-513 (October 
1964). 

(2) WEISS, E. S., W. H. LAND, K. H. FALTER, 
and R. M. HALLISEY. Strontium-90 content of 
human bones, 1961-1963. Radiol Health Data 5:231- 
239 (May 1964). 

(3) PUBLIC HEALTH SERVICE, NORTHEAST- 
ERN RADIOLOGICAL HEALTH LABORATORY. 
Analysis environmental samples, chemical and radio- 
chemical procedures, NERHL 64-1. Northeastern 
wee Laboratory, Winchester, Mass. (April 


uy GAFFNEY, G. W., R. M. HALLISEY, M. S. 
MILLER, and A. S. GOLDIN. Strontium-90 in 
human bone, 1962-1963. Radiol Health Data 5:620- 
628 (December 1964). 
(5) HALLISEY, R. M., and M. A. WALL. Strontium- 
90 in human bone, 1964-1965. Radiol Health Data 
Rep 8:415-419 (August 1967). 





Environmental Levels of Radioactivity at Atomic Energy Commission 
Installations 


The U.S. Atomic Energy Commission re- 
ceives from its contractors semiannual reports 
on the environmental levels of radioactivity in 
the vicinity of major AEC installations. The 
reports include data from routine monitoring 
programs where operations are of such a na- 
ture that plant environmental surveys are re- 
quired. 

Releases of radioactive materials from AEC 
installations are governed by radiation stand- 
ards set forth by AEC’s Division of Opera- 


September 1968 


tional Safety in directives published in the 
AEC Manual.' 

Summaries of data from the environmental 
radioactivity monitoring reports follow for the 
Lawrence Radiation Laboratory and Mound 
Laboratory. 


1 Title 10, Code of Federal Regulations, Part 20, 
“Standards for Protection Against Radiation,” contains 
essentially the standards published in Chapter 0524 
of the AEC Manual. 
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1. Lawrence Radiation Laboratory 
July-December 1967 * 


University of California 
Berkeley, California 


Berkeley Site 


The Berkeley site of the Lawrence Radiation 
Laboratory (LRL) is situated on the western 
slope of the range of hills running along the 
eastern side of San Francisco Bay. The labora- 
tory is largely separate from the main campus 
of the University, although there is some over- 
lap (figure 1). 

To the north and south of the laboratory 
area are residential areas of the cities of 
Berkeley and Oakland. The Berkeley campus 
of the University of California is on the west; 
to the east, are the Lawrence Hall of Science 
and the Space Sciences Laboratory, beyond 
them lies uninhabited watershed land and the 
Tilden Regional Park. 

The most prevalent wind direction is west- 
erly. During the summer months the afternoon 
sea breeze establishes a very pronounced pre- 
vailing westerly wind direction. At other times, 
the direction is less predictable. Annual rain- 
fall is 23 inches, almost all of which falls 
between November 1 and May 1. The prevail- 
ing wind direction during precipitation is 
southerly. 

The laboratory carries on a wide ranging 
program of general research in the fields of 
both physical and biological sciences. Facili- 
ties include a number of large accelerators, 
and various physics, chemistry, biology and 
medical research laboratories. 

The basic policy at LRL has long been to 
prevent, as far as possible, any release of radio- 
active material to the environment, no matter 
how small. No deliberate releases are sanc- 
tioned, except where no practical method for 
containment has yet been developed and quan- 
tities are small compared with standards es- 
tablished by the ICRP and AEC. 

The most sensitive measurements of releases 
are those taken closest to the source itself, 


2 Summarized from “Results of Environmental Radio- 
activity Sampling Program July-December 1967,” Law- 
rence Radiation Laboratory, Livermore and Berkeley, 
Calif. 
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before dilution makes detection of small quan- 
tities more difficult. The stack sampling pro- 
gram, therefore, provides the most useful in- 
formation for controlling releases to the 
atmosphere. Over 100 separate exhausts from 
hoods and glove box manifolds are sampled. 
The total quantities released from these stacks 
during the 6 months were 0.1 microcuries of 
alpha-particle emitters and 400 microcuries of 
beta-particle emitters. The average concentra- 
tions in the total exhaust, before any dilution 
by the atmosphere, was 7 percent of the max- 
imum permissible concentration for offsite 
breathing zone air, as given by the ICRP. 

In addition to the careful sampling of stacks, 
an environmental air sampling program is also 
carried on to make sure no undetected releases 
occur. These samples provide a direct meas- 
urement of possible exposure to the nearby 
population. The sampling stations designated 
“local area” are scattered around the site and 
provide samples of the atmosphere on the site 
itself. The “perimeter” samples are taken at 
the boundary line of University property, in 
the direction of populated areas. From the 
results of these samples, it is apparent that 
there has been no significant exposure from 
radioactive materials released by LRL. The 
levels of radioactivity observed in each type of 
sample are presented in table 1. 
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Figure 1. Environmental sampling locations at the 
Berkeley site 
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Table 1. Atmospheric monitoring, LRL Berkeley site 
July-December 1967 





Concentration 
(pCi/m*) 





Sampling locations Num- 
(number of locations) ber of 
samples 


Alpha 


Beta — 
radioactivity radioactivity 





Max- Max- 


Average| imum | Average| imum 





Local area (10) 0.000 


0.006 0.02 0.29 
Perimeter (4) .001 <.005 


-04 -24 




















At each of these environmental stations rain 
or dry “fallout” is also collected. Open 15-inch 
diameter polyethylene bags form the collect- 
ing vessel. If no rain has fallen, the bags 
are rinsed out with dilute nitric acid. Results 
from these collections show a lot of variation, 
without any consistent pattern. Since on the 
average, the more remote perimeter stations 
show about the same radioactivity as the 
nearer ones, it must be assumed that the radio- 
activity does not result from laboratory opera- 
tions. The radioactivity levels in samples col- 
lected at each location are summarized in 
table 2. 


Table 2. Total deposition, LRL Berkeley site 
July-December 1967 





Deposition 
(nCi/m?) 





Sampling locations 


Alpha 
(number of locations) 


radioactivity 


Beta 
radioactivity 





Max- Max- 
Average| imum®* | Average| imum* 








Local area (9) 47 0.10 0.29 1.27 1.85 
Perimeter (4) 21 oa .15 1.24 1.89 




















*® Maximum deposition at a single location for the 6-month period. 


All liquid waste known to be radioactive is 
collected, solidified, and shipped away. Other 
liquid wastes are discharged directly to the 
municipal sewer system. Occasionally, small 
quantities of radioisotopes are accidentally re- 
leased to the sewer system. There are two 
outfalls, each of which is monitored by a con- 
tinuous proportional sampling system to in- 
sure that no significant quantities have been 
discharged. The total concentration (alpha 
plus beta radioactivity) in sewage is only 25 
percent of the standard for drinking water and 
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therefore does not constitute a serious exposure 
threat. A sizeable fraction of the measured 
beta concentration is the naturally occurring 
isotope potassium—40 from human wastes and 
chemicals. 

The storm drainage from the laboratory 
flows into the surface stream system. These 
surface streams are exposed as they run 
through the University property and are sam- 
pled at three places. Results are listed as 
“onsite streams” in the table. Two nearby off- 
site streams are also sampled to provide a 
comparison. No alarming concentrations have 
been observed. All are safely below the stand- 
ard for drinking water. The results from the 
water sampling program are presented in 
table 3. 


Table 3. Water monitoring, LRL Berkeley site 
July-December 1967 





Concentration 
(pCi/liter) 





Type and source Num- 
of sample ber of 
samples 


Alpha Beta 
radioactivity radioactivity 





Max- Max- 


Average Average| imum 





Sewage: 
Hearst sewer 26 0.8 
26 3 


24 -01 
Surface water: 


Onsite streams 78 5 
Offsite streams 52 9 




















Neutron and gamma-ray fields are measured 
at each of the four perimeter stations as well 
as at several locations within the site. Back- 
ground measurements are obtained from a 
leased building used as a low level counting 
room in downtown Berkeley. This building is 
remote from the main LRL site and measure- 
ments are not influenced by accelerator opera- 
tions. 

Levels were somewhat higher than they were 
during the first 6 months of the year due to 
the resumption of Bevatron operations. How- 
ever, the radiation levels were well below the 
standards set for the general public by the 
ICRP and NCRP. 


Livermore site 


The Livermore site of LRL (figure 2) is 
located in the Livermore Valley midway be- 
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tween the Pacific coast and the San Joaquin 
Valley in northern California—approximately 
50 miles southeast of San Francisco. Shielded 
from the ocean by the western hills, the Liver- 
more Valley has a warm, dry climate. Annual 
rainfall is about 14 inches and the relative 
humidity is about 30 percent during the sum- 
mer months and about 40-50 percent the re- 
mainder of the year. Prevailing winds are from 
the west, but inversions are frequent during 
the night. Technical facilities include a small 
cyclotron, a 2-megawatt swimming pool reactor, 
and physics and chemistry programs associated 
with a weapons development program. 

Agriculture is the principal activity in the 
Livermore Valley. Roses, grain, hay, and 
grapes are the major products. Several cattle 
and sheep ranches surround the Livermore site. 

The Livermore site comprises an area of 
l-square mile, approximately 3 miles east of 
the city of Livermore. Livermore and Pleasan- 
ton, with a combined population of 45,000, are 
populated areas of primary interest to the 
Livermore site. 

An environmental sampling program is 
maintained to provide information regarding 
the effectiveness of control measures and to 
determine whether any radiological changes in 
the environment are the result of laboratory 
operations. The sampling program includes air 
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Figure 2. Environmental sampling locations at the 
Livermore site 
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particulates, soil, domestic water, sewer efflu- 
ent, sewage plant products, milk, and vegeta- 
tion. The milk samples are obtained from two 
dairies in the Livermore Valley and one in 
another valley about 25 miles away, which is 
used as a check. The water samples are col- 
lected to monitor radioactivity in an under- 
ground water supply which provides most of 
the domestic water for the cities of Livermore 
and Pleasanton, and is the sole supply for 
ranches in the Livermore and Amador Valleys. 

Air samples are collected continuously at 15 
sites within 5 miles of the laboratory. Samples 
are collected at a rate of 4 cfm on 100-square 
centimeter HV-70 filter papers, which are 
changed after every 7 days of operation. A 
minimum decay period of 96 hours is observed 
before the samples are counted to eliminate the 
effect of natural radon and thoron daughters. 
Ail environmental air samples are counted in 
an automated system which utilizes gas flow 
proportional detectors for both alpha and beta 
radioactivity measurements. Alpha _radio- 
activity in 450 air samples collected from 16 
sampling locations averaged less than 0.001 
pCi/m*. The average beta radioactivity was 
lower than the average for last year—0.02 
pCi/m*® (1967), versus 0.05 pCi/m*® (1966). 
The applicable AEC radiation protection stand- 
ards are 0.040 pCi/m* for alpha-particle emit- 
ters and 1 pCi/m®* for beta-particle emitters. 

The measurement of low level “background” 
radiation during this period was accomplished 
with thermoluminescent dosimeters located at 
nine points on the site perimeter and at two 
nearby ranches. The limit of detection for 
these dosimeters is 20 mR. One dosimeter at 
a point opposite cobalt—60 irradiation facility 
recorded 150 mR for the 6-month period. One 
dosimeter opposite an experimental physics fa- 
cility recorded 20 mR. All others were below 
the limit of sensitivity or less than 0.005 mR/hr. 

Domestic water samples were collected 
monthly from nine nearby sources. No sample 
showed an alpha specific radioactivity above 
the limit of sensitivity (5.0 pCi/liter). The 
beta radioactivity fluctuated from the limit of 
sensitivity (1.8 pCi/liter) to 14 pCi/liter. The 
average beta radioactivity concentration was 
3.3 pCi/liter. The average alpha and beta 
radioactivity concentrations were below the re- 
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spective standards of comparison of 10 and 100 
pCi/liter stated in AEC standards. 

The average tritium content was at or below 
the limit of sensitivity (5,000 pCi/liter), which 
is well below the standard of comparison of 
3 x 10° pCi/liter. 

Samples were collected daily at the labora- 
tory sewer discharge. The average concentra- 
tion of radionuclides in the sewer effluent was 
30 + 8 pCi/liter of alpha radioactivity and 
81 + 8 pCi/liter of beta radioactivity. The 
standard of comparison is 300 pCi/liter for 
both alpha and beta radioactivity. The tritium 
content of the effluent was 3.9 x 10‘ pCi/liter. 

Samples of top layer soil are collected quar- 
terly at the 19 sampling stations surrounding 
the Livermore site. The alpha radioactivity 
fluctuated from the limit of sensitivity (1.5 
pCi/g) to 11 pCi/g. The beta radioactivity 
fluctuated from the limit of sensitivity (3.5 
pCi/g) to a single sample high of 13 pCi/g. 
The average alpha radioactivity was 2.0 pCi/g 
and the average beta radioactivity was 7.0 
pCi/g. The concentrations detected are within 


the normal range for soil in the Livermore 
Valley. 


Average radioactivity levels in monthly milk 
samples amounted to 4 pCi/liter of cesium—137 
and 10 pCi/liter of cerium—141-144, for the 


two Livermore dairies. The average tritium 
concentration in milk was at or below the limit 
of sensitivity (5,000 pCi/liter). 


Site 300 


The high explosive test area at Site 300 
(figure 3) covers 10 square miles in the hills 
iu a very sparsely populated ranching area 
about 15 miles southeast of Livermore and 8 
miles southwest of Tracy. The chief area of 
concern for Site 300 is Tracy. The population 
there is about 15,000. Air and water samples 
are taken to determine whether operations at 
Site 300 are changing the normal radioactivity 
levels in the vicinity. The eight air samplers 
at Site 300 are operated at about 50 cfm on 
a continuous basis with the filter papers being 
changed on regular schedule. Most of these 
air samplers are located within the boundaries 
of the test site due to unavailability of power 
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Figure 3. Sampling locations at Site 300, LRL 


facilities offsite. Water samples are taken 
from six onsite wells because they are the only 
readily accessible sources of underground water. 
Two samples showed an alpha radionuclide 
concentration above the limit of sensitivity 
(5.0 pCi/liter) one at 90 pCi/liter and one at 
61 pCi/liter. Resampling showed these loca- 
tions to be below the limit of sensitivity and 
contamination of the original samples during 
processing is suspected. All others were below 
the limit of sensitivity. The beta concentra- 
tions ranged from the limit of sensitivity (1.8 
pCi/liter) to 33 pCi/liter, averaging 5.5 pCi/ 
liter. Samples are collected from streams only 
during the winter months when water flow 
exists. Soil samples are collected quarterly at 
nine offsite locations. Only top layer soil is 
collected to determine fallout concentrations. 
All air, water, and soil samples are processed 
at the laboratory in Livermore. The average 
radioactivity levels in samples collected are 
summarized in table 4. 


Table 4. Environmental sampling, Site 300 
July-December 1967 





Type of sample 


Average alpha 
(concentration units) 


Average beta 
radioactivity 


radioactivity 


Air (pCi/m*) 





Water (pCi/liter) <5.0 


0.0004 ie 
Soil (pCi/g) 6 








Recent coverage in Radiological Health Data and 
Reports: 
Period 


July-December 1966 
January—June 1967 


Issue 


November 1967 
April 1968 





2. Mound Laboratory 
July-December 1967 * 


Monsanto Research Corporation 
Miamisburg, Ohio 


The environmental monitoring program for 
Mound Laboratory is planned and coordinated 
with all the projects conducted at the labora- 
tory. Air and water monitoring in the uncon- 
trolled environs surrounding the laboratory is 
specific for the radionuclides which could be 
released to the environment. Only polonium— 
210, plutonium—238, and hydrogen-3 (tritium) 
are potential environmental contaminants. 


Air monitoring 


Mobile air monitoring equipment, mounted 
on a 1-ton panel truck, for measurement of 
tritium and collection of particulate alpha- 
particle emitters was used in the routine mon- 
itoring of environmental air in a network of 
111 locations within a radius of 20 miles from 
the laboratory during the collection period. 
The choice of sites on a given day was de- 
pendent upon the wind direction at the time 
of collection. 

Airborne polonium and plutonium particu- 
lates are collected with a high volume air 
sampler. The filter papers are then processed 
such that counting results are specific for 
polonium and plutonium. One fourth of each 
filer paper is processed by spontaneous deposi- 
tion to isolate polonium. Plutonium is isolated 
by processing the remaining three fourths of 
each filter paper through a resin column. 

Prior to August 22, 1967, airborne tritium 
was monitored by drawing air through a cal- 
cium chloride drying tube and then analyzing 
the collected moisture for tritium. Beginning 
August 22, 1967, the procedure was changed 
to bubbling an air sample through a liquid 
scintillation counting solution with p-dioxane 
as the organic solvent. The counting solution 
is then counted directly in a liquid spectrom- 
eter. 

Beginning January 1, 1967, all particulate 
air samples collected in the same zone, in the 


3 Summarized from “Environmental Monitoring Re- 
port:” J uly-December 1967 and 1967 summary (MLM- 
1464). 
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same range, and on the same day are combined 
before processing and are considered as one 
sample. This is done to improve the lower 
detectable limit for plutonium. 

The results of the airborne monitoring pro- 
gram are presented in tables 5, 6 and 7. The 
average concentrations of plutonium, polonium, 
and tritium in the environment are below the 
AEC radiation protection standards. 


Table 5. Atmospheric monitoring of polonium-210, 
Mound Laboratory environs, July-December 1967 





Concentration * 
(pCi/m!) 


Average as 
Range percent of 


Number 
(miles) of 





samples 


Maximum | Average 





0-3 (upwind) 

0-3 (downwind) 

3-5 (downwind) 

5-10 (downwind) 

10-15 (downwind) 

15-20 (downwind) -_ __ _- 

















* Lowest detectable level (LDL) for polonium-210 in air is 0.0080 pCi/m* 
for samples collected 0-3 miles upwind, 3-5 miles downwind, 5-10 miles 
downwind, and 10-15 miles downwind. The LDL is 0.0053 pCi/m! for 
samples collected 0-3 miles downwind and 15-20 miles downwind. All 
values which were not detectable were set equal to these values when 
average values were calculated. 

> The applicable AEC radiation protection standard for polonium-210 
in air is 20 pCi/m'. 


Table 6. Atmospheric monitoring of plutonium-238, 
Mound Laboratory environs, July-December 1967 





Concentration * Average as 
Range Number (pCi/m§) | percent of 
(miles) of ERATE, | AEC 
samples 


stand- 


Maximum| Average ards > 





3 (upwind) 

3 (downwind) 

5 (downwind) - 

= (downwind) - 

—15 (dewnwind) - 
20 (downwind) _ 


0- 
0- 
3- 
5 
1 
1 


0 
5- 

















* Lowest detectable limit (LDL) for plutonium-238 in air is 0.0013 
pCi/m! for samples collected 0-3 miles upwind, 3-5 miles downwind, 5-10 
miles downwind and 10-15 miles downwind. The LDL is 0.0009 pCi/m* 
for samples collected 0-3 miles downwind and 15-20 downwind. 1 
values which were not detectable were set equal to these values when 
average values were calculated. 

> The applicable AEC radiation protection standard for plutonium-238 
in air is 0.07 pCi/m'. 


Table 7. Atmospheric monitoring of tritium, Mound 
Laboratory environs, July-December 1967 





Concentration * 


Average as 
(pCi/m') 


Range percent of 
(miles) AEC 





stand- 


Maximum| Average ards > 





(upwind) 


3 25 .00x10* 
3 (downwind) 

5 

1 


0.98x10* 
(downwind) 
0 (downwind) 
0-15 (downwind) 
15-20 (downwind) 


0- 
0- 
3- 
5- 
1 


9.40x10* | 8:08x10* 

















® Lowest detectable limit for tritium in air is 8x10" pCi/m*. All values 
which were not detectable were set equal to this value when average values 
were calculated. 

> The applicable AEC radiation protection standard for tritium in air 
is 2x105 pCi/m*. 
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Water monitoring 


Liquid radioactive waste materials from 
polonium and plutonium operations at the labo- 
ratory are processed in special waste disposal 
plants designed to reduce radioactivity to a 
concentration at which it may be discharged 
to the Great Miami River. 

Helium-3, which is purified at the Mound 
Laboratory, contains small quantities of hydro- 
gen-3 (tritium). Liquid wastes from this op- 
eration are treated separately to assure that 
the radioactivity level is below the AEC radia- 
tion protection standard before discharge to 
the Great Miami River. 

Weekly water samples are collected from a 
drainage ditch and six locations along the 
Great Miami River as shown in figure 4. Addi- 
tional samples are taken quarterly at more 
distant downstream points. The drainage ditch 
carries all storm sewer water and treated liquid henent 
tritium and plutonium wastes from the plant y (1) Sampling Location 
site. Sampling location number 3 (figure 4) I ® Communities 
is the point of discharge of the liquid polonium i ake saat 
waste to the Great Miami River, and number 7, ® sot 
at Franklin, Ohio, is 5 miles downstream from 
the effluent outfall. 














Figure 4. Water sampling locations, Mound Laboratory 


Table 8. Offsite water monitoring for radioactivity, Mound Laboratory environs, 
July-December 1967 





Concentration 
(pCi/liter) 
Nuclide and sampling location * Number of 

samples 





Maximum Average » 





Polonium-210 ¢ 
2 (Upstream from laboratory) 
3 (Laboratory effluent) 
4 (250-yards downstream) 
5 (Chautauqua Road Bridge) 
6 (Chautauqua Dam) 
7 (Franklin, Ohio) 


Hydrogen-3 (tritium) ¢ 
1 (drainage ditch) 
2 (Upstream from laboratory) 
3 (Laboratory effluent) 
5 (Chautauqua Road Bridge) 


Plutonium-238 ¢ 
1 (drainage ditch) 
2 (Upstream from laboratory). 
3 (Laboratory effluent) 
4 (250-yards downstream) - - __ 
5 (Chautauqua Road Bridge) 
6 (Chautauqua 
7 (Franklin, Ohio) 














* See tigure 4 for number of sampling locations. 
> The applicable AEC radiation protection standards for uncontrolled areas are as follows: 
Polonium-210 in water: 7x10? pCi/liter. 
Hydrogen-3 in water: 3xi0 * pCi/liter. 
Plutonium-238 in water: 5x10 * pCi/liter. , ial 
© Minimum detectable levels in water are; polonium-210: 1.80 pCi/liter, hydrogen-3: 0.05x10 * pCi/liter, plu- 
tonium-238: 4.50 pCi/liter. : 
All samples which were not detectable were set equal to their respective minimum detectable level when average 
values were calculated. 
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All of the river samples are analyzed for given in table 8 for July-December 1967. 
polonium-210 and plutonium-238 and some of Recent coverage in Radiological Health Data and 
the samples are analyzed for tritium. The Reports: 
drainage ditch samples are analyzed for tritium Period Issue 
and plutonium-238. Average concentrations of July-December 1966 and 


iat . : 1966 summary November 1967 
tritium, polonium-—210, and plutonium—238 are January-June 1967 April 1968 





Reported Nuclear Detonations, August 1968 


The U.S. Atomic Energy Commission an- alent) were conducted underground at its 
nounced that two nuclear tests of low-inter- Nevada Test Site on August 9 and 29, 1968. 
mediate yield (20 to 200 kilotons TNT equiv- 
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SYNOPSES 


Synopses of reports, incorporating a list of key words, are furnished 
below in reference card format for the convenience of readers who may 
wish to clip them for their files. 


DETECTION OF ELEVATED FALLOUT LEVELS IN CALI- 
FORNIA, JANUARY 1967. Amasa C. Cornish and George Uyesugi. 
Radiological ¥ealth Data and Reports, Vol. 9, September 1968, pp. 
467-473. 

California received a heavy fallout of radioactive debris beginning 
on December 27, 1966. Highest air particulate levels occurred in 
Berkeley and Sacramento; values obtained after allowing 3 days decay 
were 9$8 pCi/m? for both. Other air sampling stations had lesser amounts 
of fallout and Fresno received essentially no fallout. All milksheds in 
California were contaminated to some extent with radioactive iodine. 
Del Norte and Humboldt milk with 397 and 280 pci/liter, respectively, 
contained the highest concentrations of iodine-131. These values were 
estimated to result in thyroid doses to children of 33 and 23 mrads, 
respectively. The apparent half-life for iodine-131 in the environment 
was calculated to be 3.2 days. 


KEYWORDS: California, fallout, foreign nuclear test, iodine-131, milk, 
thyroid doses. 


A COMPARISON OF RESULTS BETWEEN THE PUBLIC HEALTH 
SERVICE RAW MILK AND PASTEURIZED MILK NETWORKS 
FOR JANUARY 1964 THROUGH JUNE 1966. Paul B. Robinson. 
Radiological Health Data and Reports, Vol. 9, September 1968, pp. 
475-488. 

The Public Health Service Raw Milk and Pasteurized Milk Net- 
works are compared for the interval January 1964 through June 1966 
on the basis of milk sample analyses made during that period. Once 
laboratory effects due to analytical differences in the milk sample 
analyses were removed from the data, the agreement for cesium—137 
and strontium-90 between four of the nine stations that were common 
to both networks was related to milkshed overlap. At two other stations, 
Cincinnati and Chicago, homogeneity in the agricultural, geographical, 
and meteorological parameters accounted for the similarity between the 
sample concentrations of cesium-137 and strontium-90. It was not 
possible to study iodine-131, barium-140, or strontium-89 because the 
levels were generally not detectable for the period under study. 

A tabulation of data for all samples collected from the Raw Milk 
Network is also appended for the period January 1963-December 1966. 


KEYWORDS: barium-140, calcium, cesium-137, iodine-131, milkshed, 
pasteurized milk, potassium, raw milk, strontium-89, strontium-90. 
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